We investigate the effects of continuous human growth hormone (GH) therapy in young obese mice on thermogenesis. Female KK-A y obese mice (n=10) were injected subcutaneously with GH (3.5 mg/kg/day) for 30 days from 42 days old. As a control, physiological saline was administered (n=10). At the terminal point (71 days old), GH administration affected linear growth, and the Lee obesity index (3 square root body weight/nasoanal length 1000) was significantly decreased. Rates of inguinal and perimetric white adipose pads per body weight also decreased. Free fatty acid levels decreased, while plasma insulin concentrations and homeostasis model assessment insulin resistance were increased (P<0.01). Plasma insulin-like growth factor (IGF-1) levels markedly rose (P<0.00001). Uncoupling protein1 (UCP1) and UCP3 mRNA expressions in brown adipose tissue were inhibited (P<0.05). Continuous GH therapy changed obese body composition toward lean, however, the consequence could be the negative regulation of thermogenesis.
INTRODUCTION
Growth hormone (GH) is an anabolic hormone, promoting protein synthesis and lipolysis [1] as well as stimulating linear growth through insulin-like growth factor (IGF)-1 in humans and animals [2] . GH therapy in infants and young children with Prader-Willi syndrome (PWS) reportedly increases lean body mass, adjusted for height, into the normal range, and decreased fat tissue [3, 4] . Obesity is currently a serious, worldwide public health problem and a lifelong disease requiring early intervention in or before young adulthood. GH treatment of obese individuals has previously been reported to promote a decrease in adipose tissue [5, 6] and increase whole-body energy expenditure [7] . GH treatment in adult GH-deficient (GHD) patients, who show increased fat mass and reduced lean body mass, alters the body composition [8] . Morbidly obese patients display low GH secretion up to levels comparable to those found in organic GHD patients, and GH deficiency in obesity is reversible [9] . Almost 40% of morbidly obese subjects undergoing laparoscopic-adjustable silicone gastric banding (LASGB) have been shown to display subnormal GH and IGF-1 levels even 6 months after surgery [10] . A trial of GH effectiveness after bariatric surgery in 24 morbidly obese *Address correspondence to this author at the Department of Oriental Medicine, Tokai University School of Medicine, 143 Shimokasuya, Isehara, Kanagawa 259-1193, Japan; Tel: +81-463-93-1121; Fax: +81-463-95-3327; E-mail: chioki@is.icc.u-tokai.ac.jp women (age, 36.8 ± 11.7 years) has been reported [11] ; however, the potential effects and possible risks of these GH therapies have yet to be clarified.
In adult KK-A y obese female mice, GH-induced thermogenesis has been suggested to contribute to reductions in white adipose tissue (WAT) and increases in energy expenditure, since 10-day GH treatment stimulated UCP1 and 2 mRNA in brown adipose tissue (BAT) at 70 days after birth. UCP1, a transmembrane protein located in the inner mitochondrial membrane, allows protons to reenter the mitochondrial matrix without passing through ATP synthase. When UCP1 is functional, heat is generated, because the energy released in substrate oxidation is not conserved as ATP. Thermogenesis results from the general activation of catabolic pathways in activated BAT. UCP2 and UCP3, based on their high homology with UCP1, have been suggested to also play important roles in regulating energy expenditure [12, 13] . Hence UCPs have been proposed as important determinants in metabolic efficiency. Furthermore, insulin resistance was ameliorated by GH administration [14] .
Whether long-term administration modifies thermogenic activation remains unclear. We have evaluated the effects of continuous GH therapy from a young adult period on body composition, carbohydrate and lipid metabolism, and primarily thermogenesis in obese mice. When administering GH to growing animals, studies should not be limited to absolute body weight, but should also consider linear growth. Body development during treatment was therefore assessed by calculating the obesity index of Lee [15] , which correlates with body composition [16, 17] . As a key molecule in thermogenesis, levels of UCP gene expressions in BAT were determined.
MATERIALS AND METHODOLOGY

Animals
Five-week-old female KK-A y mice were obtained from Clea Japan (Osaka, Japan) and housed in plastic cages containing 5 animals each, maintained at 22 ±2 °C with a 12-h light-dark cycle. Mice had ad libitum access to commercial powdered chow (Clea Japan) and tap water. Animal experiments were performed under the supervision of the Institutional Animal Care and Use Committee at Kyoto Prefectural University of Medicine.
After being transferred to our laboratory and kept for 1 week, 20 mice were allocated to 2 groups (n=10 each). Mean body weight and body length for each group were similar. Six-week-old growing mice were treated for the next 30 days with subcutaneous injections of physiological saline (Controls) or 3.5 mg/kg/day of human GH (Humatrope; Eli Lilly & Co., Indianapolis, IN, USA).
Measurements
Mice were weighed, and tail and body lengths (anal-tonasal distance) were measured daily for indirect computation of body composition via the Lee obesity index ([3 square root body weight (g) / nasoanal length (cm)] 1000) [18, 19] Food intake for each group was monitored by weighing the amount of chow consumed over a 24-h period.
Procedures
Mice were subsequently anesthetized with intraperitoneal injections of sodium pentobarbital (40 mg/kg) and sacrificed by cervical dislocation 4 h after the final subcutaneous injection. The gastrocnemius muscle, perimetric fat pad, inguinal subcutaneous fat pad and interscapular BAT pad were removed, weighed and quickly frozen in liquid nitrogen for later analysis of UCP gene expression. Collected blood was centrifuged at 1,500 g at 4 °C for 15 min. Plasma was separated and frozen at -20 °C for later analysis of physical data.
IGF-1, Free Fatty Acid (FFA), Insulin and Glucose Levels
Mouse plasma insulin concentration was determined by enzyme immunoassay (EIA; Morinaga Institute of Biological Science, Yokohama, Japan) and IGF-1 was measured by immunoenzymometric assay of plasma using an OCTEA Rat/Mouse kit (Immunodiagnostic Systems, Fountain Hills, AZ). FFA levels were determined using a colorimetric method employing a commercial kit (Wako Chemicals, Osaka, Japan) and glucose levels were measured by the glucose oxidase method.
Insulin Resistance
The homeostatic index of insulin resistance (HOMA-IR) was calculated according to HOMA-IR (homeostasis model assessment) = fasting insulin (μU/ml) fasting glucose (mg/dl) / 405 [20, 21] .
RNA Isolation and UCP Expression Analysis by RealTime RT-PCR
Total RNA was isolated from 0.1-0.5 g of frozen tissue using TRIzol reagent (Gibco BRL, Gaithersburg, MD, USA), according to the instructions of the manufacturer. RNA quality and quantity were evaluated by ultraviolet spectrophotometry. cDNA synthesized was performed as described above. Total RNA (2 μg) was denatured at 80 °C for 5 min, cooled immediately and reverse-transcribed using 100 units of Moloney murine leukemia virus reverse transcriptase (M-MLV RT; Gibco BRL), 50 pmol poly (dT) primer and 20 nmol dNTPs in a total volume of 20 μl. The reverse transcription reaction was performed at 37 °C for 60 min. Gene-specific primers corresponding to PCR targets were obtained. Forward and reverse primer sequences were: UCP1 primers, 5'-GTG AAG GTC AGA ATG CAA GC -3' and 5'-AGG GCC CCC TTC ATG AGG TC -3'; UCP2 primers, 5'-ACAAGACCATTGCACGAGAG -3' and 5'-CAT GGT AAG GGC ACA GTG AC -3'; UCP3 primers, 5'-ATG CAT GCC TAC AGA ACC AT -3' and 5'-CTG GGC CAC CAT CCT CAG CA -3'; and -actin primers, 5'-ATG AAG ATC CTG ACC GAG GGT -3' and 5'-AAC GCA GCT CAG TAA CAG TCC G -3'.
Some amplification products were treated using a LightCycler system (Roche Diagnostics, Mannheim, Germany), which combines the processes of amplification and detection of PCR products by fluorescence. The amplification program consisted of 1 cycle at 95 °C with a 600-s hold (hot start) followed by 40 cycles at 95 °C with a 15-s hold, an annealing temperature of 55 °C with a 5-s hold, and 72 °C with a 10-s hold. Amplification was followed by melting curve analysis using the program, run for one cycle at 95 °C with a 0-s hold, 65 °C with a 15-s hold, and 95 °C with a 0-s hold in the step acquisition mode.
Quantification data were analyzed using the log-linear portion of the standard amplification curve, which was identified. The crossing point was the intersection of the best-fit line through the log-linear region and the noise band. Serially diluted copy numbers of standards and cDNA samples were calculated using LightCycler software. Standard curves were generated from 5-fold serial dilutions of target and housekeeping ( -actin) cDNA preparations. The relationship between the crossing point and the initial amount of cDNA was found to be linear. The correlation coefficient was 1 and PCR amplification efficiencies of the target gene and housekeeping gene were similar. These standard curves were used to estimate the concentration of both target and -actin genes in each sample. Amplification products were checked by electrophoresis on 1.5% ethidium bromide-stained agarose gels.
ADDITIONAL EXPERIMENT
Plasma IGF-1 levels of 10-day-treated mice were measured via the same methods as in the above experiment .
Obese: Twenty female KK-A y mice (Clea Japan, Osaka, Japan), and lean 20 C57Bl/6J female mice (Clea Japan, Osaka, Japan) aged 8 weeks were housed in plastic cages containing 5 animals each, under the same conditions as in the 30-day GH trial. At 9 weeks of age, the mice were divided into two groups: 3.5 mg/kg human GH-treated group, n=10, and physiological saline-treated group, n=10. Each group was injected subcutaneously with GH or saline as a control once a day, for 10 days. Body weight, anal-tonasal distance and food consumption were measured daily; The procedure followed the previous study on 10-day GHtreated mice, and no significant differences in food intake (g/day) and their growth level were observed from previous results [14] . After 10-day administration, they were anesthetized with pentobarbital sodium and sacrificed by cervical dislocation 4 h after the last subcutaneous injection on day 10. The collected blood samples were used for plasma IGF-1 concentrations.
Statistical Analysis
Values are the mean ± standard error of the mean. Statistical significance was assessed using analysis of variance (ANOVA). Two-way ANOVA followed by the Bonferroni t-test was used when performing multiple comparisons. Results were considered significant at P<0.05.
RESULTS
Body Growth and Tissue Weights
Obese mice treated with GH (3.5 mg/kg) for 30 days exhibited a more steady linear increase than control mice in body weight and length over the treatment period. Detailed analysis of body growth demonstrated a significant and sustained stimulatory effect of GH after treatment for 14 days. The Lee obesity index in GH-administered mice was significantly decreased (p<0.05) at 55 days old, despite the increased body weight (p<0.005 vs Control) (Figs. 1, 2) . At 71 days old, the Lee index of GH-treated obese mice was within the normal standard range of 310-320. No difference in tail length was seen between GH and control groups (data not shown).
Differences in food intake (g/day) were observed between GH and control mice from day 10 of treatment (GH, Control: 6.5±0.2 g, 6.1±0.2 g: p<0.05, at 52 days after birth). Each food intake average, from 52 to 61 days after birth, was 7.8±0.2 g in GH groups, and 7.2±0.1 g in Control groups (p<0.05), and Table 1 shows continuous differences after this period. Perimetric and inguinal WAT weights were significantly reduced compared to Controls, when compared with the normalized body weight at 71 days old. In contrast, the weight rate of gastrocnemius muscle increased with GH administration (P<0.05).
After GH treatment for 30 days, the plasma insulin level had increased two-fold compared with Controls, suggesting increased insulin resistance, as shown by HOMA-IR levels. Plasma IGF-1 concentrations in GH-treated obese mice were Fig. (1) . Effects of GH administration on body weight in KKA y mice. Mice were treated with GH or saline for 30 days from 42 days old. Weight was gained over the whole period in both groups (n=10/group). Body length (anal-to-nasal distance) (cm) 9.9 (0. much higher than those in Controls at the terminal point. Fig.  (4) shows IGF-1 levels markedly increased in response to 30-day GH administration. Moreover, IGF-1 levels in obese mice were much lower than in lean model mice (C57BL/6J, female, n=10: Lee index; 319.3 ± 3.3; plasma IGF-1, 479.1 ± 20.2 ng/ml). GH therapy exerted significant effects on both body composition and plasma IGF-1 responses, with total IGF-1 levels in obese mice increasing 6.0-fold compared with Controls (p<0.00001) after 30-day GH administration (Fig. 4) .
Negative Regulation of UCP1 and UCP3 Genes in BAT
GH administered to young growing mice for 30 days decreased UCP1 and UCP3 mRNA levels (0.7-and 0.5-fold, respectively; p<0.05 vs Controls) in BAT (Fig. 3) .
DISCUSSION
In the present continuous 30-day trial, a marked impact of GH administration was shown on linear growth. Young growing genetic obese mice responded to exogenous GH with linear increases in body weight as well as longitudinal bone growth (Figs. 1, 2) . While no significant difference in tail length was seen between groups receiving GH treatment or saline, as reported by Finkelstein et al. [22] , tail automutilation was sometimes observed in KK-A y obese mice with GH treatment, as in monosodium L-glutamatetreated obese mice [23] . Consequently, the Lee index, reflecting percent body fat, continued to fall markedly from 55 days old to the final point in contrast to Controls, despite increased body weight (Fig. 2) . Exogenous GH affected dimensions of the long bones, in accordance with the known effects of GH on longitudinal bone growth [24, 25] . Treatment with GH for 30 days resulted in significant reductions of both subcutaneous and visceral fat, and increased the relative muscle weight. Control mice showed excess perimetric and inguinal fat deposits at 71 days old ( Table 1) . KK-A y female mice have already been reported to show increased adipose tissue weight at about 8 weeks old, achieving maximum adipose deposits at 10 weeks old [26] .
GH treatment (3.5 mg/kg/day) for 10 days to adult obese mice increased UCP1 and UCP2 mRNA expressions in BAT. Accompanying this up-regulation, body weight and fat pads fell over a short period, suggesting a role of UCPs in GH-modulated energy expenditure [14] . However, continuous 30-day administration of GH from an early stage, when mice had not gained markedly increased fat pads, showed lower expressions of UCP1 and UCP3 mRNA than saline controls in BAT. The reason for this discrepancy is unclear, but may be due to differences in the term or starting period of GH administration. IGF-1 levels in 30-day GH trial mice were much higher than in the previous 10-day trial starting in adulthood (Fig. 4) , in which mice showed increased fat pads at the starting point. Obese model mice seem likely to share similar traits given report in which obese patients with low IGF-1 showed below-normal levels of GH [10] . With continuous GH treatment, adipose tissues are one of the targets of GH action, so the present GH trial seems effective as an anti-obesity protocol as the obese young mice became lean adults; however, in this present study, insulin resistance was increased despite the 10-day GH trial showing decreased HOMA-IR [14] . Although the present study offers limited information, increased IGF-1/insulin signaling and induced food intake both appear as independent, overlapping effects. IGF-1 plays a vital role in the regulation of somatic growth and cellular proliferation, and may be used as a measure of GH bioactivity by accurately reflecting the GH secretory status [27] . Fig. (4) . Levels of plasma IGF-1 (n=10/group), quantifed by ELISA. Open bars: each control group was administered saline. Other bars: IGF-1 concentrations of GH-treated group are shown. Each value is the mean ± standard error of the mean. GH is thought to increase the basal metabolic rate through thermogenesis [14] and the induction of catecholamine release [28] , increasing the conversion of the thyroid hormone T4 to the more metabolically active T3 [29] , and increasing IGF-1 secretion, which may participate in increasing resting energy expenditure [30] . Conversely, adult KK-A y mice with markedly elevated IGF-1 levels showed decreased UCP1 and UCP3 expressions. Continuous GH administration in the growing stage could bring about the reduction of thermogenesis and growth factor might affect BAT and/or brown preadipocytes. The relationship between the endocrine and metabolic changes induced by exogenous GH remains poorly studied. Further studies are required to elucidate the relation between IGF-1 and thermogenesis.
